Paananen, Reija, Virpi Glumoff, Raija Sormunen, Wim Voorhout and Mikko Hallman. Expression and localization of lung surfactant protein B in Eustachian tube epithelium. Am J Physiol Lung Cell Mol Physiol 280: L214-L220, 2001.-Surfactant protein (SP) B is an essential component of the pulmonary surfactant complex, which participates in reducing the surface tension across the alveolar air-liquid interface. The Eustachian tube (ET) connects the upper respiratory tract to the middle ear, serving as an intermittent airway between the pharynx and the middle ear. Recently, we described the expression of SP-A and SP-D in the ET, suggesting their role in middle ear host defense. Our present aim was to detect whether the expression of SP-B is evident in the porcine ET. With Northern blot analysis, RT-PCR, and in situ hybridizations, SP-B mRNA was identified and localized in the ET epithelium. The cellular localization of SP-B was revealed with immunohistochemistry, electron microscopy, and immunoelectron microscopy. The protein was found in the secretory granules of epithelial cells and also attached to the microvilli at the luminal side of these cells. The SP-B immunoreactivity of aggregates isolated from ET lavage fluid was similar to that isolated from bronchoalveolar lavage fluid. We conclude that there are specialized cells in the ET epithelium expressing and secreting SP-B and propose that SP-B may facilitate normal opening of the tube and mucociliary transport. in situ hybridization; immunoelectron microscopy; messenger ribonucleic acid PULMONARY SURFACTANT PREVENTS alveolar collapse by reducing the surface tension across the air-liquid interface of the alveoli. The pulmonary surfactant complex consists of ϳ90% lipid and 10% protein, including four surfactant proteins (SPs). SP-C is a highly hydrophobic alveolar type II epithelial cell-specific protein that contributes to the formation and maintenance of the surface-active monolayer, whereas SP-A and SP-D, being C-type lectins, participate in surfactant homeostasis and host defense. SP-B is an essential protein required for the normal processing of the surfactant components in alveolar type II epithelial cells (1). The primary translation product of human SP-B mRNA consists of 381 amino acids. Through a proprotein state of 42 kDa and further processing of a 23-kDa intermediate form, the mature hydrophobic peptide containing 79 amino acids is secreted into the alveolar lumen as a disulfide-linked dimer of 18 kDa (21). SP-B precursors are detected in the endoplasmic reticulum, the Golgi complex, and the multivesicular bodies in alveolar type II epithelial cells, whereas mature SP-B is found in multivesicular and lamellar bodies where it is stored and secreted into the alveolar space (28). Mature SP-B increases the surface adsorption and decreases the surface tension of surfactant phospholipids as required for normal lung function (3). Hereditary SP-B deficiency in human infants results in fatal respiratory failure after birth (20) . Similarly, mice with deleted SP-B expression develop lethal respiratory failure at birth. Studies on transgenic mice have further indicated the critical role of SP-B in the maintenance of pulmonary surfactant homeostasis (6).
PULMONARY SURFACTANT PREVENTS alveolar collapse by reducing the surface tension across the air-liquid interface of the alveoli. The pulmonary surfactant complex consists of ϳ90% lipid and 10% protein, including four surfactant proteins (SPs). SP-C is a highly hydrophobic alveolar type II epithelial cell-specific protein that contributes to the formation and maintenance of the surface-active monolayer, whereas SP-A and SP-D, being C-type lectins, participate in surfactant homeostasis and host defense. SP-B is an essential protein required for the normal processing of the surfactant components in alveolar type II epithelial cells (1) . The primary translation product of human SP-B mRNA consists of 381 amino acids. Through a proprotein state of 42 kDa and further processing of a 23-kDa intermediate form, the mature hydrophobic peptide containing 79 amino acids is secreted into the alveolar lumen as a disulfide-linked dimer of 18 kDa (21). SP-B precursors are detected in the endoplasmic reticulum, the Golgi complex, and the multivesicular bodies in alveolar type II epithelial cells, whereas mature SP-B is found in multivesicular and lamellar bodies where it is stored and secreted into the alveolar space (28) . Mature SP-B increases the surface adsorption and decreases the surface tension of surfactant phospholipids as required for normal lung function (3) . Hereditary SP-B deficiency in human infants results in fatal respiratory failure after birth (20) . Similarly, mice with deleted SP-B expression develop lethal respiratory failure at birth. Studies on transgenic mice have further indicated the critical role of SP-B in the maintenance of pulmonary surfactant homeostasis (6) .
Apart from alveolar type II epithelial cells, SP-B is expressed in nonciliated bronchiolar epithelial (Clara) cells (23) . So far, SP-B protein has not been localized in Clara cells in vivo, and only little is known about the processing of SP-B in these secretory cells. However, it seems that SP-B processing and function in Clara cells could differ from that in alveolar type II epithelial cells (17, 21) .
The Eustachian tube (ET) embryonically develops from the first pharyngeal pouch, which connects the upper respiratory tract to the middle ear. The ET protects the middle ear from excessive deviations of atmospheric pressure, serves as the clearance tract, and may protect the middle ear against microbes from the airways. The upper ET compartment is closely sheltered by cartilage, and the lower compartment has an elongated lumen with numerous inferior mucosal folds. The assumed ventilatory function is accomplished by the pharyngeal muscles that pull apart the mucous surfaces of the cartilaginous ET (19) . The ET epithelium includes cuboidal epithelial cells with microvilli, defined as dark or intermediary granulated cells, columnar ciliated cells, and goblet cells. Ciliated cells are responsible for mucociliary transport, whereas granulated cells are considered secretory (16) .
Recently, the expression of SP-A and SP-D in porcine ET epithelium was described (22) . Dutton et al. (8) have also described a PCR product with SP-B-specific primers from rabbit middle ear. Mira et al. (18) detected phospholipid-containing lamellar structures on the mucosa of the rabbit ET, and Karchev et al. (14) reported similar findings in the mouse ET. The tubal mucosa does not differ remarkably from the other mucosae of the respiratory system (12) morphologically, and several studies (4, 11, 15) have tentatively shown that ET lavage (ETL) fluid contains surface-active material. However, there have been no studies concerning the expression of SP-B in the ET or the morphology of porcine ET epithelium thus far. The present aim was to find out whether the expression of SP-B is evident in the porcine ET. Here, we describe the cellular and subcellular expression of SP-B in ET epithelium and demonstrate the presence of SP-B-containing aggregates in the lavage return from the ET.
MATERIALS AND METHODS
Porcine ET preparation and bronchoalveolar lavage. The pharyngeal opening of the ET was prepared, and ϳ1 cm of the ET was dissected. The ET section was opened, and the cells were scraped with a scalpel. Total RNA was isolated with phenol-based RNA-STAT 60 (Tel-Test) and subsequently used for RT-PCR and Northern blot analysis. Total RNA from the porcine lung tissue was isolated as a control. For protein preparations, the ET was lavaged with 0.9% NaCl as previously described (22) . Bronchoalveolar lavage (BAL) was performed as a control. Briefly, the trachea was cannulated, and the airways were filled with 0.9% NaCl at a pressure of 30 cmH 2 O. The fluid was collected from the airways with gentle suction. The procedure was repeated three times, and the lavage returns were combined.
Northern analysis of SP-B. For Northern analysis, total RNA was isolated as described in Porcine ET preparation and bronchoalveolar lavage. As a control to hybridization, porcine lung RNA was isolated after homogenization of the tissue at Ϫ80°C. Altogether, 0.5 g of lung RNA and 30 g of ET RNA were run on formaldehyde gels. The samples were transferred with 20ϫ saline-sodium citrate (SSC; 1ϫ SSC is 0.15 M NaCl and 0.015 M sodium citrate, pH 7.0) overnight onto a Biodyne B membrane (Pall Gelman Laboratory), and the filter was baked at 80°C for 2 h. For Northern hybridization, the SP-B cDNA fragment from the porcine lung was labeled with [ 32 P]dCTP. The labeled product was purified on a Sephadex G-50 column (Amersham Pharmacia Biotech, Uppsala, Sweden). Hybridization was performed at 42°C overnight in ULTRAhyb (Ambion, Austin, TX) hybridization solution followed by high-stringency washes at 60-65°C in 0.1ϫ SSC-0.1% SDS.
Cloning of cDNA fragments for ET SP-B. Altogether, 2 g of total RNA were used for the RT-PCR with porcine-specific SP-B primers. These primers were designed from the porcine lung cDNA sequence (GenBank accession number AJ290968) obtained with degenerative primers. The forward porcinespecific primer was chosen from a cDNA area coding for SP-B proprotein (CTTTCCGCTGGTCGTTGATCAC), and the reverse primer was from the area coding for mature SP-B (CCTGCAGAGCCAGCAGAAGGG), resulting in a fragment of 244 bp, corresponding to the area bp 357-600 in the sheep SP-B cDNA sequence (GenBank accession number AF107544). The RT-PCRs were performed with the Masteramp RT-PCR kit (Epicentre, Madison, WI) with a 1ϫ enhancer in a one-tube reaction. A 45-cycle RT-PCR was carried out (60°C for 20 min, 94°C for 5 min, 94°C for 30 s, 62°C for 30 s, 72°C for 45 s, and 72°C for 10 min). The resulting fragments were purified with the GFX purification kit (Amersham Pharmacia Biotech) and ligated to the pGEM-T easy vector (Promega, Madison, WI). The clones obtained were identified by sequencing on both strands.
Antibodies. The monoclonal antibody against porcine SP-B was a kind gift from Dr. Y. Suzuki (Kyoto University, Kyoto, Japan) (26) . The polyclonal antibody against sheep SP-B was a kind gift from Prof. S. Hawgood (University of California, San Francisco, CA).
Immunohistochemistry. Cross sections of the ET were deparaffinized in xylene, rehydrated in graded ethanol, and rinsed in 1ϫ phosphate-buffered saline (PBS). Antigen retrieval was performed in 0.1% trypsin in 0.1% CaCl 2 , pH 7.8, at 37°C for 10 min. Endogenous peroxidase was blocked with aqueous 0.3% H 2 O 2 for 15 min. An avidin-biotin-peroxidase method was applied. PBS was used at all washing steps, and the primary and secondary antibodies were diluted in PBS containing 0.1% bovine serum albumin (BSA). Briefly, the sections were incubated in 20% fetal calf serum followed by overnight incubation with the antibody to porcine SP-B (diluted 1:1,000). The sections were then incubated in biotinylated rabbit anti-mouse IgG (Dakopatts, Glostrup, Denmark) for 30 min. After addition of the secondary antibody, the sections were treated with the avidin-biotin-peroxidase complex (Dakopatts) for 30 min. Diaminobenzidine (Sigma, St. Louis, MO) was used as the chromogen, and the sections were slightly counterstained with Mayer's hematoxylin. PBS replaced the primary antibody as a negative control. Sections of porcine lung tissue served as positive controls.
Electron microscopy. For electron microscopy, tissue pieces from porcine ETs were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4. They were then postfixed in 1% osmium tetroxide in phosphate buffer, dehydrated in acetone, and embedded in Epon LX 112. Thin sections were cut with a Reichert Ultracut E microtome and examined under a Philips CM 100 transmission electron microscope with an acceleration voltage of 80 kV.
Immunoelectron microscopy. The procedure of immunoelectron microscopy was modified from the method described by Sormunen et al. (25) . Fresh porcine ET and lung tissues were fixed in 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 2 h. Small tissue pieces were immersed in 2.3 M sucrose and frozen in liquid nitrogen. Thin cryosections were cut with a Leica Ultracut UCT microtome. For immunolabeling, the sections were first incubated in 5% BSA in PBS. Antibodies and gold conjugate were diluted in 0.1% BSA-c (Aurion, Wageningen, The Netherlands) in PBS. All washings were performed in 0.1% BSA-c in PBS. The sections were then incubated with the antibody to porcine SP-B for 60 min. After being washed, the sections were exposed to rabbit anti-mouse IgG (Zymed Laboratories, San Francisco, CA) for 30 min followed by a protein A-gold complex (size 10 nm) for 30 min, prepared as recommended by Slot and Geuze (24) . The controls were prepared by carrying out the labeling procedure without the primary antibody. The sections were embedded in methylcellulose and examined as described in Electron microscopy.
In situ hybridization. In situ hybridization was carried out basically according to the instructions supplied by Boehringer Mannheim (Mannheim, Germany). Briefly, the 244-bp SP-B cDNA fragment from the porcine lung was subcloned into the pGEM-T Easy vector (Promega). The plasmid was linearized, and antisense and sense SP-B UTP-digoxigeninlabeled riboprobes were synthesized with 20 U of T3 RNA polymerase (Promega) or 20 U of Sp6 RNA polymerase (Promega). The transcription reaction contained 1.2 g of linearized plasmid, 1ϫ transcription buffer (Promega), 10 mM dithiothreitol, 1ϫ digoxigenin reaction mix (Boehringer Mannheim), and the RNase inhibitor RNAguard (15 U; Amersham Pharmacia Biotech) for 2 h at 37°C. After DNase I digestion, the probes were purified with lithium chlorideethanol precipitation and detected on agarose gels. The labeling was detected with the digoxigenin detection kit supplied by Boehringer Mannheim.
Four-micrometer paraffin sections were treated with proteinase K (5 g/ml) at 37°C for 30 min and postfixed in 4% paraformaldehyde in PBS. The sections were acetylated with 0.25% acetic anhydride in triethanolamine buffer, washed with 4ϫ SSC, and covered with 200 l of prehybridization mix [50% (vol/vol) formamide, 4ϫ SSC, and 40 g/ml of single-strand DNA] for 2 h at 58°C followed by 200 l of hybridization mixture (40% formamide, 10% dextran sulfate, 1ϫ Denhardt's solution, 4ϫ SSC, 10 mM dithiothreitol, 40 g/ml of yeast tRNA, and 40 g/ml of denatured salmon sperm DNA) containing 300 ng/ml of the digoxigenin-labeled riboprobe. A GelBond film (FMC Bioproducts, Rockland, ME) was applied. Hybridization was allowed to occur at 58°C for 42 h. After hybridization, the unbound probe was removed from the sections by treatment with RNase A followed by high-stringency washes. The hybridized probe was detected by incubating the sections with the anti-digoxigenin antibody conjugated with alkaline phosphatase. The color reaction took place overnight with nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (Boehringer Mannheim) in TrisNaCl, pH 9.5, with 5 mM levamisole. The reaction was stopped with Tris-EDTA buffer, pH 8.0, and the sections were counterstained with 0.02% fast green FCF (Sigma). As a positive control, sections from the porcine lung were hybridized with the same riboprobes. Negative controls consisted of the same tissue sections hybridized in an identical fashion with the digoxigenin-labeled sense riboprobe. As another negative control, tissue sections hybridized with the antisense riboprobe were subjected to a color reaction without anti-digoxigenin antibody incubation.
Preparation of aggregate fraction and Western blot analysis of SP-B. The ETs from ϳ200 pigs from a local slaughterhouse were lavaged with 0.9% NaCl as previously described (22) . As a control, porcine lungs were lavaged as described in Porcine ET preparation and bronchoalveolar lavage. After separation of the cells with centrifugation at 500 g for 10 min, the samples were centrifuged for 2 h at 100,000 g to collect the sedimentable lipid-protein complexes. The pellets obtained were brought to suspension in 0.15 M NaCl-5 mM Tris-Cl buffer, pH 7.4, and fractionated on a linear continuous sucrose density gradient as described by Gil and Reiss (10) . The sucrose densities were 1.025, 1.045, 1.065, 1.085, and 1.105. The samples were centrifuged at 35,000 rpm (165,000 g) for 16 h. The fractions were collected, and the aggregate layer of BAL fluid and the comparable layer of ETL fluid, density ϳ1.08, were collected and diluted with 0.15 M NaCl. Then the samples were again centrifuged at 35,000 rpm for 16 h. The pellets were collected and diluted with PBS. As a control, ET and lung NaCl lavage returns were centrifuged at 28,000 g for 1 h, and sedimentable fractions were collected and analyzed similarly. Protein concentrations for the Western blots were determined with the Bradford assay kit (Bio-Rad, Hercules, CA) with BSA as a standard. The ET sample containing 6 g of protein from the sucrose gradient centrifugation and 0.2 g of protein from the surfactant fraction of the BAL fluid as well as 20 g of protein from the ETL fluid and 3.9 g of total protein from the BAL fluid sedimentable fractions was solubilized with Laemmli sample buffer without ␤-mercaptoethanol. The samples were separated by 15% SDS-PAGE and, after electrophoresis, were blotted onto a nitrocellulose membrane with a blotting apparatus (Bio-Rad). After being blocked overnight in a mixture containing 5% nonfat milk and 0.05% Tween 20 in Tris-buffered saline, the nitrocellulose sheets were incubated with porcine SP-B antibody diluted 1:10,000. A secondary anti-mouse IgG antibody conjugated with horseradish peroxidase was visualized by a chemiluminescent detection system (ECL Plus Western blotting analysis system, Amersham). As a control, the same filter was incubated with sheep polyclonal SP-B antibody after being washed.
RESULTS
RNA studies. The total RNA preparation from porcine ETs showed mRNAs of two different sizes when hybridized with a porcine-specific SP-B cDNA probe (Fig. 1E) . The other messenger was of the same size, ϳ2.5 kb, which was detected from the RNA preparation isolated from porcine lung tissue. The other band detected was smaller, ϳ1.2 kb. The cDNA sequence obtained from ETs with RT-PCR revealed 100% homology compared with the fragment obtained from porcine lungs. To identify the cellular sites of SP-B mRNA expression in porcine ETs, a series of in situ hybridization studies with sections of porcine ET was performed. With a specific RNA probe for SP-B, intense labeling with the antisense probe was detected in different parts of the ET but mostly close to the mucosal folds in the lower compartment of the ET lumen. The expression was concentrated in the cells between the mucosal folds and the narrow ET lumen within the epithelial cell lining of the ET. The signal with the SP-B antisense probe in ET is shown in Fig. 1A . There was no labeling in either the sections hybridized with a sense SP-B probe (Fig. 1, B and D) or the control sections not treated with the anti-digoxigenin antibody (data not shown). The results were confirmed with lung tissue as a positive control. Intense staining was clearly detected in alveolar type II epithelial cells (Fig. 1C) .
Localization of SP-B. The porcine ET is a curved tube. The dorsal part is closely sheltered by cartilage, and the lower segment has an elongated lumen with numerous inferior mucosal folds. Light-microscopic studies showed faint diffuse SP-B staining throughout the ET epithelium. In some cells, however, the apical parts showed a stronger, granular staining pattern (Fig. 1F) . The porcine SP-B antibody also stained alveolar type II epithelial cells (Fig. 1H) . Control sections without primary antibody did not show any positive reaction (Fig. 1, G and I) . The pattern of SP-B immunostaining was similar throughout the ET from the pharyngeal orifice to the more distal parts and along the entire circumference of the structure. Immunostaining of the tympanic part of the ET was not studied.
Electron-microscopic studies of the ET epithelium revealed the SP-B label in small granules in cells with short apical microvilli ( Fig. 2A) . SP-B was also seen in association with electron-dense material at the periphery of large apical granules. In these cells, the label was similarly seen to be attached to microvilli (Fig.  2B) . Some additional labeling was also seen in the extracellular spaces (data not shown). No typical tubular myelin figures were detected. Some lamellar structures were occasionally seen in extracellular spaces and rarely in epithelial cells (Fig. 2D) . Lamellar bodies of alveolar type II epithelial cells showed specific SP-B labeling (Fig. 2C) . Some label was also seen in the alveoli. To obtain better lipid preservation of immunoelectron microscopy samples, freeze-substitution with Lowicryl embedding was performed. However, cryosections showed similar lamellar bodies as in freeze-substituted samples. In the ET, clear lamellar structures were not detected by freeze-substitution or cryotechniques. Freeze-substitution studies showed similar lo- calization of SP-B as in cryosections, but the labeling intensity was weaker (data not shown). No labeling was seen in control specimens (data not shown).
Western blot studies. In Western blot analysis, immunoreactivity with SP-B antibody was detected both in ETL fluid and in the aggregate fraction isolated from ETL fluid with sucrose density gradient centrifugation. The size of the protein recognized by the porcine SP-B antibody was ϳ24 kDa (Fig. 3) , which is characteristic of the unreduced SP-B dimer. A similar major immunoreactive protein was detected in the specimens from BAL fluid. The 24-kDa band revealed the strongest intensity in the sedimentable fraction of both BAL and ETL fluids. In addition, faint 22-, 40-, 8-, and 18-kDa bands were detectable in the sedimentable fractions of ETL and BAL fluids. The results were confirmed with sheep polyclonal SP-B antibody as the same bands that showed positive reactions (data not shown). Reduction of the samples with ␤-mercaptoethanol diminished the positive reaction but revealed the major 15-kDa protein instead (data not shown).
DISCUSSION
With Northern blot analysis, RT-PCR, and in situ hybridization, we detected SP-B mRNA in the porcine ET. With immunohistochemistry and immunoelectron microscopy, SP-B was localized. In all experiments, lung tissue was used as positive control. SP-B mRNA expression concentrated in epithelial cells close to the mucosal folds in the narrow ET lumen. In the Northern blot, the SP-B signal was weak and divided into two mRNAs of different sizes. The larger one, 2.5 kb, was of the same size as that obtained from the lung. The smaller mRNA was ϳ1.2 kb. This may imply alternative splicing of the larger mRNA. Recently, Dutton et al. (8) reported a smaller PCR product from rabbit middle ear preparations than from the rabbit lung with SP-B-specific primers. Additionally, SP-B messengers of three different sizes were reported in the ovine lung (5).
In light-microscopic studies, faint SP-B protein staining was detected throughout the epithelium. However, more specific apical staining was confirmed by immunoelectron microscopy. The SP-B immunolabel was located in the apical granules and also attached to the microvilli of cuboidal epithelial cells. These granules had some similarities in size with the lamellar bodies of alveolar type II epithelial cells. Other groups (14, 16, 18) have reported the existence of lamellar bodies in ET epithelial cells similar to those seen in alveolar type II epithelial cells, but no such morphology in the porcine ET epithelial cells was detected with immunoelectron microscopy. Although no typical lamellar structures were found in the cryosections, a few concentric lamellar structures were detected in the apical cytoplasm of epithelial cells in the conventional Epon sections (Fig. 2D) . The lack of lamellar structures may be due to the cryotechnique, which is not considered as good for preserving lipid structures as freeze-substitution (27) . However, both techniques were used, and lamellar bodies could be found in alveolar type II epithelial cells but not in the ET. Based on the morphology of the apical granules, these epithelial cells could be defined as intermediate secretory cells according to Hussl and Lim (13) . Indeed, SP-B immunoreactivity was also evident in the extracellular spaces between the individual epithelial cells of the transitional epithelium. This could be due to lateral transport of surfactant proteins through the ET epithelium (15) . Bronchiolar Clara cells contain electron-dense organelles that do not contain multilamellar structures. Although SP-B has been localized in Clara cells, the cells do not otherwise morphologically resemble the cuboidal granular ET cells. Studies with transgenic mice have shown a lack of processing of mature SP-B peptide in Clara cells, and the SP-B expressed by the Clara cell secretory protein promoter did not rescue the SP-B-null mice (17) . In the case of transgenic mice, however, the expression pattern may have been incomplete due to the abnormal promoter. The size distribution of the ETL fluid protein recognized by the homologous SP-B antibody was very similar, if not identical, to the protein from the BAL fluid. In addition, the size distribution was identical to that observed by Suzuki et al. (26) under nonreducing conditions. The reduced porcine sample revealed a 15-kDa protein that was, however, considerably weaker than under nonreducing conditions. This was also evident in the present study. Our immunoreactive protein in ETL fluid strongly resembles the SP-B dimer described to be essential in surface tension reduction at the alveolar air-liquid interface (2) . Similar to the alveolar surfactant (9), the aggregate fraction of ETL fluid additionally contained immunoreactivity for SP-A (data not shown). Previously, SP-A has been shown to improve the surface activity of phospholipids in the presence of SP-B.
We conclude that SP-B is expressed in specific cells in the ET epithelium and may have functional importance in the ET. However, its function could be somewhat different from that in the lung. In alveoli and terminal airways, collapse of the alveoli and the small airways is prevented by the surfactant phospholipids (7) . Unlike in the lower respiratory tract, total closure is likely to take place in the ET. Intermittent swallowing rather than regular breathing movements accomplish the ventilatory function by pulling apart the mucous surfaces of the cartilaginous ET. We propose that the ET surfactant SP-B, secreted from granules of cuboidal epithelial cells to the air-liquid lining of the ET and the intercellular spaces of the pseudostratified epithelium, facilitates normal opening of the tube and improves mucociliary transport. On the basis of the sedimentation of the SP-B-rich aggregates recovered from ETL fluids as well as on the present and previous (11, 29) morphological observations, ET surfactant consists of phospholipid-rich aggregates that remain to be characterized.
